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SPECIFICATION 

1. Title of the invention 

Methods for producing thermoplastic polyurethane resins 

2. What is claimed is: 

(1) A method for producing a thermoplastic polyurethane resin 
wherein Component A, B and C: 
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A: A diol component represented by Formula (I) : 

CHi 

H-KHCH^O-^C-^-O-fCH.CHOhs-H ( I ) 
R CHs it 

wherein R denotes H or CH 3 , and m and n fulfill the relationship: 
2<n+m<8 ; 

B: Difunctional chain propagating agent having activated 
hydrogens at its terminals; and, 
C: An organic diisocyanate f 
are polymerized. 

(2) A method for producing a thermoplastic polyurethane resin 
wherein Component A, B and C according to Claim 1 are polymerized 
with Component D: 

D: A long chain diol having a molecular weight of 300 or higher 
and less than 800. 

(3) A method for producing a thermoplastic polyurethane resin 
composition comprising 50 % by weight or more of a polyurethane 
resin obtained by a method according to Claim 1 and having a 
flexural modulus of elasticity of 13 kg/mm 2 or more when 
determined according to JIS K7203 and a Shore D hardness of 60 
or more at 80°C. 

(4) A method for producing a thermoplastic polyurethane resin 
composition comprising 50 % by weight or more of a polyurethane 
resin obtained by a method according to Claim 2 and having a 
flexural modulus of elasticity of 13 kg/mm 2 or more when 
determined according to JIS K7203 and a Shore D hardness of 60 
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or more at 8 0°C. 

3. Detailed description of the invention 
[Field of the invention] 

The present invention relates to a method for producing 
a thermoplastic polyurethane resin having a high hardness and 
an excellent modulus of elasticity. 
[Prior art] 

A thermoplastic polyurethane resin has generally been used 
as molded into a sheet or a pipe, which are mainly employed as 
a belt or a tube. Pliable resins are employed commonly as 
elastomers . 

[Problems to be solved by the invention] 

A conventional thermoplastic polyurethane resin whose 
hardness is high involves disadvantage that it tends to undergo 
clouding upon molding which may lead to reduced transparency 
and that it has an insufficient heat resistance which may cause 
significant reduction in hardness, brittleness due to poor 
toughness and poor moldability at a temperature around 80°C even 
in the case of a highly hard material having a Shore hardness 
of 60 or more at ambient temperature. 

Methods for increasing the hardness of a polyurethane are 
known, such as use of an adduct of bisphenol A having alkylene 
oxides at its both terminals, as disclosed in Japanese Patent 
Application Publication No. 55-17766, 55-24456 and Japanese 
Patent Application Laid-Open No. 57-123219 and the like. 
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However, Patent Application Publication No. 55-17766 
relates to a casting polymerization and provides a resin which 
has a poor thermostability and is difficult generally to be used 
in injection molding. 

Although the technologies disclosed in Patent Application 
Publication No. 55-24456 and Japanese Patent Application 
Laid-Open No. 57-123219 relate to thermoplastic polyurethane 
resins, no sufficient consideration is given to the moldability 
upon injection which requires thermostability since 
application to paints is intended. 

An objective of the present invention is to provide a 
thermoplastic polyurethane resin without the disadvantage,, 
mentioned above, which has a high hardness, a high modulus of 
elasticity as well as an excellent heat resistance. 
[Means to solve the problems] 

For the purpose of achieving the objective mentioned above, 
the present invention is characterized by the following aspect: 

A method for producing a thermoplastic polyurethane resin 
wherein Component A, B and C: 

A: A diol component represented by Formula (I) : 

CH, 

H-*0CHCHir^0-®-C--©-0 4CH, CHOf^-H ( { ) 
1 C Hi R 

wherein R denotes H or CH 3 , and m and n fulfill the requirement: 
2<n+m<8; 

B: Difunctional chain propagating agent having activated 



4 




hydrogens at its terminals ; and, 

C: An organic diisocyanate, 

are polymerized . 

Component A, which is one of the components essential for 

achieving the present invention, is an aromatic diol 

represented by Formula (I) . 

CH] 

HCCHCHjrTT-O-^-C-^-O-tCHtCHOhs-H (I) - 
R CH, R 

wherein R denotes H or CH 3 , and m and n fulfill the relationship: 

2<n+m<8 . 

Examples of Component A represented by Formula (I) are 
bisphenol A (2 , 2-bis (4-hydroxyphenyl) propane) to whose both 
terminals ethylene oxides or propylene oxides are attached. 
Numerals "n" and "m" indicating the numbers of the attached 
oxides, should be in such a relationship that the sum of n and 
m is within the range from 2 to 8 . When the sum of n and m is 
1 or 0, the reactivity with isocyanate group is reduced, while 
when it is greater than 9 the heat resistance and the modulus 
of elasticity of a thermoplastic polyurethane resin obtained 
are reduced- 
Component B, which is also an essential component in a 
method for producing a thermoplastic polyurethane resin 
according to the present invention, is a difunctional chain 
propagating agent having activated hydrogens at its both 
terminals . 
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Examples of Component B employed in the present invention 
are listed below. 

Aliphatic diols such as ethylene glycol, propylene glycol, 
1, 4-butane diol, 1, 6-hexane diol and the like, diols containing 
aromatics such as bishydroxyethoxybenzene, diamines such as 
ethylene diamine, 1 , 2-propylene diamine , 1 , 4-butylene diamine, 
hexamethylene diamine, xylylene diamine and the like, 
alkanolamines such as ethanolamine, aminopropylalcohol and the 
like, and hydrazine, carbodihydrazides may be employed. 

Among the members of Component B listed above, those 
employed most preferably in the present invention are diols 
having a molecular weight of 50 to 200, especially 50 to 150. 
A chain propagating agent having a molecular weight exceeding 
200 tends to provide a thermoplastic polyurethane resin having 
a reduced heat resistance and a reduced flexural modulus of 
elasticity . 

Component C, which is a further essential component of a 
thermoplastic polyurethane resin according to the present 
invention, is an organic diisocyanate . 

Examples of the organic diisocyanate which is employed in 
the present invention are listed below. Aliphatic 
diisocyanates such as hexamethylene diisocyanate, trimethyl 
hexamethylene diisocyanate and the like, alicyclic 
diisocyanates such as isophorone diisocyanate, 

dicyclohexylmethane-4 , 4 -diisocyanate and the like, aromatic 
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diisocyanates such as 2,4-tolylene diisocyanate, m-phenylene 
diisocyanate, p-phenylene diisocyanate, diphenylmethane- 
4,4' -diisocyanate, naphthalene-1 , 5-diisocyanate, 

diphenyldiisocyanate, xylylene diisocyanate and the like may 
be employed. 

Among these, alicyclic and aromatic diisocyanates are 
employed preferably in the present invention, with 
diphenylmethane-4, 4 1 -diisocyanate, tolylene diisocyanate, 
phenylene diisocyanate, xylylene diisocyanate and. 4,4 f - 
dicyclohexylmethane diisocyanate being employed most 
preferably. 

In addition to Component A, B and C described above, a long 
chain diol having a molecular weight of 300 or more and less 
than 800 may preferably be employed as Component D in the present 
invention . 

Examples of diols as Component D may broadly be classified 
into polyether diols, polyester diols, polycarbonate diols, 
polybutadiene diols. 

Examples of the polyether diols are polyalkylene ether 
glycols such as polyethylene ether glycol, polypropylene ether 
glycol, polytetramethylene ether glycol, polyhexamethylene 
ether glycol and the like and random and block copolymers such 
as polyethylene propylene ether glycol. 

Examples of the polyester diols are polyester glycols 
which are the polyester reaction products of an aliphatic 
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dicarboxylic acid such as succinic acid, adipic acid, sebacic 
acid, azelaic acid and the like or an aromatic dicarboxylic acid 
such as phthalic acid with an aliphatic glycol such as ethylene 
glycol, 1, 2-propylene glycol, tetramethylene glycol, 
hexamethylene glycol, diethylene glycol, neopentyl glycol, as 
well as lactone polyesters obtained by ring-opening 
polymerization of lactones such as s-caprolactam. 

The polycarbonate diols may be polyhexamethylene 
carbonate diols. 

The polybutadiene diols may be those having two primary 
hydroxyl groups at the both terminals of the polybutadiene 
backbone and those copolymerized in the polybutadiene backbone 
with styrene or acrylonitrile and having two primary hydroxyl 
groups . 

The molecular weight of a long chain diol listed above is 
preferably 300 or more and less than 800, more preferably 400 
or more and less than 800. A molecular weight of 800 or more 
may result in a reduced heat resistance and a reduced flexural 
modulus of elasticity of a thermoplastic polyurethane resin 
obtained. A molecular weight less than 300 may result in a 
reduced melting ability which leads to a poor moldability. 

It is preferable to combine Component A, B and C as shown 
below . 

Component D/Component A = 0/100 to 80/20 (weight ratio) 
(Component A + Component D) /Component B = 90/10 to 60/40 (weight 
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ratio) 

(Component A + Component B + Component D) /Component C = 60/40 
to 30/70 (weight ratio) 

Isocyanate group/activate hydrogen =0.90 to 1.1 (molar ratio) 
One shot method and prepolymer method may usually be 
contemplated as methods for producing thermoplastic 
polyurethane resins, and the one shot method is advantageous 
due to a low cost. While a thermoplastic polyurethane resin 
according to the present invention can be produced by various 
methods including the two methods described above, a 
representative example employing the one shot method is 
described below. 

Component A and Component D, either independently or in 
combination, are heated at 70 to 120°C, and Component B at 30 
to 50°C is admixed in a certain amount with stirring to yield 
a mixed glycol. To this mixed glycol, Component C at room 
temperature to 70°C is added while stirring, whereby effecting 
polymerization. When the polymerization has been proceeded, 
the mixture is poured into a vat, solidified to obtain a polymer. 
The polymer according to the present invention thus obtained 
can be molded by injection molding or extrusion, in which cases, 
a polymer is obtained as described above and then milled and 
introduced into an extruder to obtain pellets for injection 
molding and extrusion. 

A thermoplastic polyurethane resin according to the 
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present invention preferably has a flexural modulus of 
elasticity of 130 kg/mm 2 or more when determined according to 
JIS K7203 and a Shore D hardness of 60 or more at 80°C. While 
these values of the parameters can be achieved by using only 
a thermoplastic polyurethane resin obtained as described above, 
they can be achieved also by using a thermoplastic polyurethane 
resin composition into which another thermoplastic 
polyurethane resin (hereinafter referred to as a blend resin) 
has been blended. Especially when a thermoplastic 

polyurethane resin according to the present invention has a 
hardness or a flexural modulus of elasticity which is too high, 
then a blend resin having a high moldability may be blended in 
order to improve the moldability without affecting the 
advantageous heat resistance and flexural modulus of elasticity 
associated with the inventive resin. In such case, the amount 
is at least 50 % by weight for the inventive thermoplastic 
polyurethane resin, although it may vary depending on the heat 
resistance and the flexural modulus of elasticity of the blend 
resin. The blend resin should be compatible with the inventive 
thermoplastic polyurethane resin and the thermoplastic 
polyurethane after blending is preferably transparent. Such 
blend resin includes, for example, some of commercially 
available polyether diol-based or polycaprolactone-based 
polyurethane resins, such as "MI RACTORAN " E574 (manufactured 
by NIPPON MIRACTORAN) which is employed preferably. 
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These blend resin may be blended in any step during the 
course of the manufacturing process of a thermoplastic 
polyurethane resin according to the present invention, such as 
during pelletization or just before molding. 

To a blend consisting of the thermoplastic polyurethane 
resin and a blend resin obtained as described above, dyes, 
pigments, stabilizer against heat or light, plasticizers may 
be incorporated in polymerization step or pelletization or 
re-pel letizat ion step . 

After the blend consisting of the thermoplastic 
polyurethane resin according to the present invention and the 
blend resin is dried thoroughly, it may be subjected to 
injection molding, extrusion or press molding using an ordinary 
molding machine. The molding temperature is usually 200 to 
280°C. Examples of the article which is obtained in the manner 
described above are eyeglass frames, gears, packings, bearings 
and the like. 

A molded article may be treated with heat at 50 to 110°C 
in an oven for 30 minutes to 5 hours to improve the toughness 
and transparency. 

Alternatively, the molded article may be exposed to a vapor 
of an organic solvent such as tetrahydrof uran and acetone in 
which it is soluble to improve the surface gloss. 

In addition, the molded article may be painted or coated 
to modify the color tone or the gloss of the surface. 



11 



[Examples] 

The present invention is further described in the 
following examples . 
Example 1 

100 Parts by weight of 2-mole ethylene oxide adduct of 
bisphenol A (2, 2-bis (4-hydroxyphenyl) propane) (Component A) 
and 142 parts by weight of polytetramethylene glycol of MW 670 
(Component D) were placed in a reaction vessel fitted with a 
thermometer and a stirrer and dehydrated under reduced pressure 
at 110°C for 2 hours. To this mixed polyol, 124 parts by weight 
of 1, 4-butane diol (Component B) at 50°C was added with stirring 
and then 502 parts by weight of diphenylmethane-4 , 4 ' - 
diisocyanate (Component C) at 30 °C was added to effect 
urethane-forming reaction. When the temperature of the 
polymer became 80°C, the polymer was poured into a vat to allow 
to solidify. The bolus thus obtained was tempered in an 
electric furnace at 80°C for 24 hours. The bolus was milled 
into flakes of the thermoplastic polyurethane, -which was then 
converted into an ordinary pellet using an extruder. The 
flexural modulus of elasticity of a standard test sample of the 
pellet obtained as described above was 210 kg/mm 2 when 
determined at 23°C and 50 % RH according to JIS K7203. The Shore 
D hardness determined at 80°C was 70. 

When the pellet of the thermoplastic polyurethane resin 
was molded into eyeglass frame parts, namely, a lens-holding 
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frame and a temple, the molded articles obtained were 
transparent. They did not undergo brittleness-induced break 
even when bent by an angle of 18 0° at 0°C. They did not undergo 
whitening of the surface when immersed in ethyl alcohol, showing 
extreme excellence as an eyeglass frame. 
Example 2 and 3 

Analogously to Example 1, A thermoplastic polyurethane 
resins having the compositions and the characteristics shown 
in Table 1 were obtained. 

Each resin exhibited excellent transparency, heat 
resistance, toughness and flexural modulus of elasticity, as 
well as excellent moldability. 
Example 4 

130 Parts by weight of 2-mole ethylene oxide adduct of 
bisphenol A (Component A) was placed in a reaction vessel fitted 
with a thermometer and a stirrer and dehydrated under reduced 
pressure at 120°C for 2 hours. Then 80 parts by weight of 
1,6-hexane diol (Component B) at 50°C was added with stirring 
and then 215 parts by weight of xylylene diisocyanate (Component 
C) at 30°C was added to effect urethane-f orming reaction. When 
the temperature of the polymer became 8 0°C, the polymer was 
poured into a vat to allow to solidify. The bolus thus obtained 
was tempered in an electric furnace at 80°C for 24 hours. The 
bolus in the vat was then milled and pulverized to obtain a 
thermoplastic polyurethane resin whose flexural modulus of 
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elasticity when determined at 23°C and 50 %RH and Shore D 
hardness determined at 80 °C were 260 kg/mm 2 and 82, 
respectively . 

60 Parts by weight of the thermoplastic polyurethane resin 
thus obtained was mixed with 4 0 parts by weight of the pellet 
of a caprolactone-based thermoplastic polyurethane 
"MIRACTORAN" E 574 (specific gravity: 1.23, Shore D hardness 
at ambient temperature: 74, manufactured by NIPPON MIRACTORAN) 
and converted into a certain form of the thermoplastic 
polyurethane pellet using an extruder. 

The standard test sample of the pellet obtained was 
transparent , and did not undergo brittleness-induced break when 
bent by an angle of 180°. The flexural modulus of elasticity 
was 200 kg/mm 2 when determined at 23°C and 50 % RH. The Shore 
D hardness determined at 80°C was 69. The moldability was 
extremely good. 

Table 1, (1) Example, (2) Component A, (3) Parts by weight, 
(4) Flexural modulus of elasticity, (5) Shore D hardness at 80°C, 
Abbreviation in the table: 

BA . 2EO: 2-Mole ethylene oxide adduct of 2,2-bis(4- 
hydroxyphenyl ) propane 

BA • 6PO: 6-Mole propylene oxide adduct of 2,2-bis(4- 
hydroxyphenyl ) propane 

PTMG: Polytetramethylene glycol (MW:670) 
PCL: Polycaprolactone (MW:550) 
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1,4-BD: 1,4-Butane diol 

EG: Ethylene glycol 

MDI : Diphenylmethane diisocyanate 

CHMDI : Dicyclohexylmethane diisocyanate 

[Effect of the invention] 

By a method for production according to the present 
invention, a thermoplastic polyurethane resin and a 
thermoplastic polyurethane resin composition which have 
excellent heat resistance and toughness, a high flexural 
modulus of elasticity as well as excellent moldability and 
transparency can be obtained. 
Applicant: TORAY CO., LTD. 
Applicant: NIPPON MIRACTORAN 
Agent: Patent attorney, M.KAGAWA 
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